A Gram-staining-negative, strictly aerobic, transparent and smooth, curved-rod-shaped motile bacterium with a single polar flagellum, designated strain sw100 T , was isolated from surface seawater of South Pacific Gyre during Integrated Ocean Drilling Program Expedition 329. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain sw100 T was most closely related to the member of the family Oceanospirillaceae and was distinct from the most closely related genera Bacterioplanes, Thalassolituus and Oceanobacter (95.8, 94.5-95.3 and 94.4 % 16S rRNA gene sequence similarities, respectively). Growth occurred in the presence of 0-11 % NaCl (w/v, optimum 7 %), at 10-37 C (optimum 28 C) and pH 6.0-9.0 (optimum pH 7.0). The major fatty acids (>10 % of total fatty acids) are C 16 : 0 , C 16 : 0 N alcohol and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c). The major polar lipids were phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and two unidentified polar lipids. The DNA G+C content of strain sw100 T was 55.3 mol%. The major respiratory quinone was ubiquinone-10
Since the first genus Oceanospirillum was validly published by Hylemon in 1973, many novel taxa within the family Oceanospirillaceae have been described, and at the time of writing, this family is composed of 18 genera. The family Oceanospirillaceae belongs to Proteobacteria. Most genera of this family are isolated from marine environments with high salinity, and they are halotolerant or halophilic, except Balneatrix, which is found in fresh water. Members of the family Oceanospirillaceae are motile by polar flagella, strictly aerobic respiratory except for Neptunomonas, which gives weak fermentation reactions. The type genus Oceanospirillum, first proposed by Hylemon et al. (1973) , contains four species with validly published names: the type species Oceanospirillum linum (Hylemon et al., 1973; Williams & Rittenberg, 1957) , Oceanospirillum beijerinckii (Hylemon et al., 1973; Williams & Rittenberg, 1957) , Oceanospirillum maris (Hylemon et al., 1973) and Oceanospirillum multiglobuliferum (Terasaki, 1973 (Terasaki, , 1979 . In this study, a novel bacterium, designated strain sw100 T , was isolated from surface seawater of the South Pacific Gyre at station U1368 (27 55¢ S 123 10¢ W) during Integrated Ocean Drilling Program Expedition 329. The aim of this study was to further determine the exact taxonomic position of strain sw100 T using a polyphasic taxonomic approach.
For bacterial isolation, serial dilutions of seawater sample were spread onto marine agar 2216 (MA; Becton Dickinson) and incubated at 28 C for 7 days. A transparent and smooth colony, designated strain sw100 T , was isolated and subsequently purified three times on MA. The colonies of strain sw100
T were routinely maintained on MA at 28 C and were preserved at À80 C as a suspension in sterile 0.85 % (w/v) saline supplemented with 15 % (w/v) glycerol. For 16S rRNA gene sequencing, genomic DNA of strain sw100 T was extracted and purified using standard methods (Ausubel et al., 1995) . PCR amplification, cloning and sequencing of the 16S rRNA gene were performed according to Zhang et al. (2014) . The almost-complete 16S rRNA gene sequence (1500 nt) was manually checked and submitted to the GenBank database. Pairwise similarity values between strain sw100
T and closely related type strains were calculated using the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) . The 16S rRNA gene sequences of related strains were retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov), and phylogenetic trees were reconstructed using MEGA version 5.0 (Tamura et al., 2011) based on neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms. The genetic distances were calculated with two-parameter model (Kimura, 1980) for neighbour-joining tree and maximum-likelihood tree. The topologies of phylogenetic trees were evaluated based on the bootstrap resampling method with 1000 replicates. Moreover, gene alkB (encoding alkane hydroxylase in alkane catabolism) has become an important taxonomic index in novel species descriptions (Wang et al., 2014) . In this study, the existence of gene alkB was determined by PCR (Kloos et al., 2006) with the primers from Kloos et al. (2006) .
Strain sw100
T showed the highest 16S rRNA gene sequence similarity with Bacterioplanes sanyensis GYP-2 T (95.8 %), followed by Thalassolituus marinus IMCC1826 T (95.3 %), Thalassolituus oleivorans MIL-1 T (94.5 %) and Oceanobacter kriegii IFO 15467 T (94.42 %), which indicated that the genera Bacterioplanes, Thalassolituus and Oceanobacter were the nearest phylogenetic neighbours to the novel isolate. Phylogenetic analysis based on neighbour-joining, maximumlikelihood and maximum-parsimony algorithms ( Fig. 1) showed that strain sw100
T formed a deeply rooted lineage within the clade of the genera Bacterioplanes, Thalassolituus and Oceanobacter, which separated it from the clade composed of the genera Amphritea, Oceanospirillum, Bermanella, Oceaniserpentilla and Spongiispira and the other clade composed of the genera Neptuniibacter and Marinobacterium. Thus, considering the branch patterns of the phylogenetic trees, strain sw100
T should be assigned to a novel genus in the family Oceanospirillaceae. No alkB gene was found in sw100 T .
Gram staining and flagellum staining were investigated using standard methods (Beveridge et al., 2007) . The cell morphology was observed by transmission electron microscopy (JEM-1200EX; JEOL) after cells had been negatively stained with 1 % (w/v) phosphotungstic acid (Fig. S1 , available in the online Supplementary Material). The presence of gliding motility was investigated using the methods described by Bernardet et al. (2002) . To test anaerobic growth, bacterial strains were cultured on MA, with added cysteine (0.01 %, w/ v) as a reductant and resazurin (0.02 %, w/v) as an indicator of anaerobic conditions in an anaerobic jar filled with nitrogen and a packet of AnaeroPack-Anaero (Mitsubishi Gas Chemical) at 28 C for at least 1 month. The temperature range for growth was determined on MA plates by incubating cultures at 10-47 C (10, 16, 20, 24, 28, 32, 37, 42, 45 and 47 C) for 5 days and at 0 and 4 C for at least 30 days. In the salinity experiment, distilled water was used to prepare synthetic marine Zobell broth (5 g peptone, 1 g yeast extract and 0.01 g FePO 4 in 1 litre water). NaCl concentrations were adjusted to 0, 0.5 and 1-15 % (w/v, at intervals of 1 %). Salinity and pH ranges for growth were investigated in test tubes for 5 days incubation. The pH range from 5.0 to 11.0 at intervals of 1.0 pH unit for growth was determined in MB, using the following buffer systems: MES (pH 5.0-6.0), MOPS (pH 7.0), Tricine (pH 8.0), TAPS (pH 9.0), CAPS (pH 10.0) and Na 2 CO 3 /NaHCO 3 (pH 11.0). The following phenotypic tests were carried out on strain sw100
T and the reference strains according to the standard approaches (Tindall et al., 2007) except that sterile seawater was substituted for distilled water, including catalase and oxidase activities, nitrate reduction, H 2 S production from thiosulfate and hydrolysis of starch, CM-cellulose, casein, gelatin and Tweens 20, 40 and 80. DNase activity was examined by using DNase agar (Qingdao Hope Bio-technology) according to the manufacturer's instructions. Degradation of chitin was examined on chitin agar with sterile seawater (Hsu & Lockwood, 1975) . The accumulation of poly-b-hydroxybutyrate was tested using Nile blue A as a fluorescent stain at a wavelength of 460 nm by fluorescence microscope (CX; Olympus) (Ostle & Holt, 1982) after strain sw100
T was cultured on MA at 28 C for 4 days. Activities of constitutive enzymes, fermentation/oxidation profile, acid production, substrate utilization as sole carbon and energy source of strain sw100
T were determined after growth on MA at 28 C for 2 days by using API 20E, API 20NE, API 50CHB/E and API ZYM strips (bioM erieux) and GN2 MicroPlate (Biolog) according to the manufacturers' instructions except that sterile seawater was used to prepare the inocula. The morphological, physiological and biochemical characteristics of strain sw100 T are given in Table 1 , Fig. 1 and the species description.
For cellular fatty acid analysis, strain sw100
T and the reference strains were grown on MA at 28 C for 2 days when the bacterial communities reached the late exponential stage of growth. Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.10), and identified by the RTSBA 6.0 database of the Microbial Identification System (Sasser, 1990) . For respiratory quinones and polar lipids analyses, cell biomass was harvested from MB after shaking at 28 C for 48 h and freeze dried. The respiratory quinone of strain sw100 T was extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC as described by Xie & Yokota (2003) . Polar lipids were extracted according to Minnikin et al. (1984) , separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) and identified by spraying with the appropriate detection reagents (Komagata & Suzuki, 1987) . The solvent systems used were chloroform/methanol/water (65 : 25 : 4, v/v) for the first dimension and chloroform/acetic acid/methanol/water (80 : 15 : 12 : 4, v/v) for the second dimension. The genomic DNA of strain sw100
T was extracted according to the procedure of Moore et al. (1999) , and the G +C content was determined according to the methods described by Mesbah & Whitman (1989) using reversedphase HPLC.
The cellular fatty acid profiles of strain sw100
T and the reference strains are listed in Table S1 . The predominant cellular fatty acids (>10 % of total fatty acids) of strain sw100
T are C 16 : 0 , C 16 : 0 N alcohol and summed feature 3 (C 16 : 1 !6c and/ or C 16 : 1 !7c). The presence of C 11 : 0 3-OH distinguishes the novel genus from others (Table S1 ). Other quantitative differences in the fatty acids that might serve to differentiate the novel isolate from these related genera are also listed in Table S1 . The polar lipid profile of strain sw100 T comprised phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and two unidentified polar lipids (Fig. 2) . The predominant isoprenoid quinone detected in strain sw100
T was ubiquinone-10 (Q-10), which is different from those of the four reference strains. The DNA G+C content of strain sw100 T was 55.3 mol%, which fell within the range of the genus Thalassolituus (53.2-56.0 mol%) ( 
(AM117931)
Bacterioplanoides pacificum sw100 T (JQ082124)
Bacterioplanes sanyensis GYP-2 T (JX981922)
Thalassolituus marinus IMCC1826 T (GQ426888)
Thalassolituus oleivorans MIL-1 T (HF680312)
Oleibacter marinus 2O1 T (AB435649)
Oceanobacter kriegii IFO 15467 T (AB006767)
Neptuniibacter halophilus antisso-13 T (GQ131677)
Marinobacterium jannaschii IFO 15466 T (AB006765)

Marinobacterium coralli R-40509 T (GU183820)
Marinobacterium sediminicola CN47 T (EU573966)
Marinobacterium stanieri ATCC 27130 T (AB021367)
Marinomonas ostreistagni UST010306-043 T (AB242868)
Marinomonas communis LMG 2864 T (DQ011528)
Terasakiella pusilla DSM 6293 T (AB006768) (Wang et al., 2014) and Oceanobacter (55.0 mol %) (Sakane & Yokota, 1994 ).
The conclusion that strain sw100
T represents a novel genus of the family Oceanospirillaceae was supported by phylogenetic, chemotaxonomic and physiological characteristics that distinguished it from other genera. Phylogenetically, strain sw100
T shared a low level of sequence similarity with the nearest phylogenetic neighbours. Based on analyses of physiological and chemotaxonomic characteristics, strain sw100
T showed significant differences with other genera. (i) The predominant isoprenoid quinone, as an important criterion for discriminating different genera, clearly proved that strain sw100
T was distinct from other genera and represented a novel genus. The predominant isoprenoid quinone of sw100 T was ubiquinone-10 (Q-10), which is different from those of the four reference strains. (ii) As a halotolerant bacteria, strain sw100
T owned the relative wide range of salinity for growth (0-11 %), which was another distinguishable feature. (iii) The presence of C 11 : 0 3-OH, the relatively high content of summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) distinguished the novel genus from others. More detailed phylogenetic and chemotaxonomic characteristics are given in the species description and Table 1 . The results of the present polyphasic study indicate that strain sw100
T represents a novel species of a novel genus, for which the name Bacterioplanoides pacificum gen. nov., sp. nov. is proposed. (Wang et al., 2014) ; 3, Thalassolituus oleivorans LMG 21420 T (Choi & Cho, 2013; Wang et al., 2014; Yakimov et al., 2004) ; 4, Thalassolituus marinus KCTC 23084 T (Choi & Cho, 2013; Wang et al., 2014) ; 5, Oceanobacter kriegii LMG 6238 T (Bowditch et al., 1984; Sakane & Yokota, 1994; Wang et al., 2014; Yakimov et al., 2004) . +, Positive;
À, negative; W, weakly positive reaction; ND, no data available. PG, phosphatidylglycerol; DPG diphosphatidylglycerol; PE, phosphatidylethanolamine; PME, phosphatidylmonomethylethanolamine; PL, unidentified phospholipid; L, unidentified polar lipid. Cells are Gram-staining-negative, strictly aerobic, curved rod and motile by means of a single polar flagellum. Oxidase is positive, but catalase is negative. The major respiratory quinone is Q-10. The dominant fatty acids (>10 %) are C 16 : 0 , C 16 : 0 N alcohol and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c). The major polar lipids are phosphatidylethanolamine, phosphatidylmonomethylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and two unidentified polar lipids. The DNA G+C content is 55.3 mol%. Phylogenetically, the genus belongs to the family Oceanospirillaceae in the class Gammaproteobacteria.
The type species is Bacterioplanoides pacificum.
Description of Bacterioplanoides pacificum sp. nov.
Bacterioplanoides pacificum (pa.ci¢fi.cum. L. neut. adj. pacificum peaceful, referring to the Pacific Ocean).
Displays the following characteristics in addition to those given in the genus description. Cells are approximately 0.3-0.4 µm in width and 1.3-1.4 µm in length after being cultured on MA for 12 h at 28 C. Colonies on MA are round, regular, transparent and smooth with an entire margin of 0.3 mm in diameter after incubation for 24 h at 28 C. Growth occurs at 10-37 C with an optimum temperature at 28 C. The pH range for growth is 6.0-9.0 (optimum 7.0). Growth is observed at NaCl concentrations of 0-11 % (w/v) along with the optimum value of 3 %. No alkB gene was found in sw100
T . Accumulation of poly-bhydroxybutyrate is absent in the cells. Negative for H 2 S production. Nitrate reduction is positive. Tweens 20, 40 and 80 can be degraded, but not gelatin, DNA, casein, chitin, starch and CM-cellulose. In the API 20E and 20NE strips, there is only one positive result for the reduction of nitrate and nitrite, and there are negative results for all the other characteristics. According to the results of API ZYM strip, alkaline phosphatase, esterase (C4), esterase lipase, lipase (C14), leucine arylamidase, acid phosphatase and naphthol-AS-BIphosphohydrolase activities are present. Starch, glycogen, cellobiose and maltose are fermented in the API 50CHB/E strip. In the Biolog GN2 MicroPlate system, positive results are observed for Tween 40, Tween 80, b-hydroxybutyric acid, succinic acid, hydroxy-L-proline, methyl pyruvate, acetic acid, D,L-lactic acid, bromosuccinic acid, L-glutamic acid and L-proline; other substrates are negative. The DNA G+C content of the type strain is 55.3 mol%.
The type strain, sw100
T (=JCM 30597   T   =MCCC 1K00501   T   =  KCTC 42424 T ), was isolated from the surface seawater of the South Pacific Gyre. 
